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Introduction

Prostate cancer is currently the most commonly diagnosed neoplasm and the second leading
cause of cancer deaths in men in the United States. Due to the aging population, prostate cancer
incidence and mortality is expected to increase. Thus, improvements in prevention, early
dignoses, and treatment are needed [1]. Hopefully, understanding molecular events of prostate
cancer progression will lead to the development of novel therapies for the disease. A prostate
cancer’s ability to develop an invasive and metastatic phenotype is arguably the most important
determinant in the clinical relevance of prostate cancer; and therefore, the study of factors
involved in the development of this phenotype is of primary importance. There are at least two
recognized phenotypes of prostate cancer. One is a clinically aggressive cancer that can become
life-threatening relatively fast, while the other is a slow- growing, “latent” form, which may ever
present itself clinically [2].

To date, there is no method to differentiate between these two forms of prostate cancer, leading
to potential over- and under- treatment of this disease [3]. For this reason, identification and
understanding of molecular alterations during prostate cancer progression is essential to
distinguish between cases that will progress rapidly to advanced metastatic cancer and those with
little likelihood of progressing. This will hopefully lead to more accurate prognoses and
appropriate treatments. In addition, identification of biomarkers will be useful for recognizing
individuals with a higher risk for prostate cancer and will allow for earlier detection and better
treatment of advanced disease. In particular, there is a growing need for biomarkers that access
the tumor microenvironment as predictors of metastases [4].

In order for a cancer to metastasize, it must first invade through the basement membrane that
surrounds it, migrate through the stroma, invade blood vessels and travel through the
bloodstream to a new location where it extravasates the vessel and begins growing at the new
site. The mechanisms by which a cancer is enabled to invade and metastasize are currently under
intense study. Interactions of the cell with its environment are thought to play a major role in
signaling for these invasive processes to occur. Upregulation of proteolytic enzymes, such as the
matrix metalloproteases, is suspected of being involved in the metastatic process.

Remodeling of the extracellular matrix (ECM) through proteolysis of ECM proteins is an
important step in the metastatic progression of cancer, allowing for invasion of neoplastic cells
through the basal lamina (BL) and into the stroma [5]. Proteolysis creates paths for migration,
releases signaling molecules such as growth factors bound in the ECM, and generates
biologically active ECM fragments [6-10].

Prostate cancer is surrounded by a BL composed mainly of laminin-10, laminin-2, type IV
collagen, and entactin [11]. In order for prostate cancer to invade the stroma and intravasate into
the vasculature, it must move through this Ln-10 rich BL either by proteolysis or ameboid
movement [12]. Ln-10 (a5pB1y1) has been previously identified as a substrate for cell migration
and cell adhesion [13]. It is now known that MT1-MMP can cleave the laminin-10 o5 chain and
this cleavage allows for increased prostate cancer cell migration. We have preliminary evidence
that the laminin-10 a5 chain protein cannot be detected in perineural invasive prostate cancer by
immunohistochemistry (Figure 3). This apparent loss of laminin-10 protein could be due to
complete cleavage by MT1-MMP so that antibodies to the a5 chain cannot bind or it could be
due to loss of laminin-10 expression in invasive cancer. We propose that modifications in



extracellular matrix proteins surrounding prostate cancer play an important role in the
progression of the disease and an understanding in the global changes in cancer that take place as
a result of these modifications will be important for future prostate cancer research, treatment,
and diagnosis.

Body

Previously, we have demonstrated that the matrix metalloprotease, MT1-MMP, cleaves the
laminin-10 alpha 5 chain into four distinct fragments with apparent molecular weights of 45,
160, 190, and 310 kDa. When human prostate cancer cells are plated on cleaved laminin-10,
there is an increase in migration on and invasion through the laminin-10 substrate. This work
was published in the journal Neoplasia in April 2005. We are currently in the process of
examining the biologic effects of these fragments, and the potential cleavage of laminin-10 in
human prostate cancer.

To test the biologic effects of the laminin-10 cleavage fragments, recombinant proteins
corresponding to laminin alpha 5 chain cleavage products are being produced. To date, the
45kDa N-terminal end of the alpha 5 chain has been expressed in E.Coli and purified on a Ni**
column. This protein has been tested to determine whether it is the cause of the biologic effects
observed when prostate cancer cells are treated with cleaved laminin-10 (EGFR phosphorylation,
proliferation, migration). We have treated DU-145 cells with purified laminin-10 and purified
laminin-10 that was treated (cleaved) with MT1-MMP. These experiments demonstrated an
increase in EGFR phosphorylation at tyrosine 1068. Purified laminin-10 induced some EGFR
activation, but cleaved laminin-10 demonstrated a more robust activation. We have found that
treating DU-145 prostate cancer cells with 1uM concentration of the 45kDa fragment induces
phosphorylation of the EGF receptor at tyrosine 1068, similarly to treating DU-145 cells with
1ug purified, cleaved laminin-10.

We also have evidence that the extracellular matrix protein, laminin-10, though present in
normal prostate and prostate cancer, may be downregulated in perineurally invasive prostate
cancer. With current techniques, we do not know whether this apparent lack of protein
expression by immunohistochemistry with a laminin-10 alpha 5 chain antibody is due to loss of
protein, or clipping of the alpha 5 chain by increased MT1-MMP expression. Since there are
currently no antibodies available to the cleaved forms of the alpha 5 chain, we chose to examine
MRNA expression of the protein to determine if it is being expressed in perineurally invasive
prostate cancer. RNA probes were generated against the human laminin alpha 5 chain and
human MT1-MMP. These probes are currently in use using in situ hybridization to detect
message for these proteins in human prostate cancer tissue. The technique for in situ
hybridization on human prostate tissues has been worked out, and preliminary experiments with
the alpha 5 chain probe indicate that mMRNA is present in prostate cancer, though to a lesser
extent than mRNA present in normal glands. Perineurally invasive prostate tissue still needs to
be examined.

Hypothesis: LM-511 cleavage by MT1-MMP results in decreased adhesion and increased
migration of prostate cancer cells due to release of biologically active LM-a5 fragments



containing EGF-like domains that function as matrikines, can bind and activate the EGF

receptor.
Activation of EGFR on cells plated on cleaved LM-511.
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LM-511 (ug) was coated on a 6-well tissue culture plate and treated with catalytic domain of
MT1-MMP (2.1 nmol) or left intact. DU-145 cells were then plated on uncoated and LM-511

coated wells. EGF was added to an uncoated well as a control for activation. 16 hours after
plating, cells were lysed and analyzed for EGFR activation at Tyr 1068. Results demonstrate
EGFR activation when cells were plated on intact LM-511, with an increase in EGFR activation

when cells were plated on cleaved LM-511.

Activation of EGFR with soluble LM-511 fragments.
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DU-145 cells were seeded in a 6-well tissue culture plate and stimulated with: EGF, LM-511
fragments produced by incubating intact LM-511 with catalytic domain of MT1-MMP 16 hr,
intact LM-511, or were left untreated. Results demonstrate that cleaved LM-511 fragments

activate EGFR to a greater extent than intact LM-511, and that the receptor is not activated with

no treatment. Lamin A/B protein was used as a loading control.



Structural representation of LM-a5 chain 45 KD fragment.

N-terminus

The LM-a5 chain 45 kDa fragment we have produced in E.Coli has been modeled based on its
amino acid sequence. The fragment contains a complete EGF-like domain at its C-terminus.

LM-a5 45 KD fragment activates EGFR.
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DU-145 cells were treated with EGF, intact soluble LM-511, cleaved soluble LM-511, 45 kDa
soluble fragment, or left untreated. Results indicate that the 45 KD fragment activates EGFR
above endogenous levels (untreated). Total EGFR protein is shown as a loading control.



Key Research Accomplishments

1. Trained in recombinant protein design, synthesis, and purification.

2. Trained in in situ hybridization technique.

3. 2005, NCl-sponsored Tumor Microenvironment Training Program: Organotypic Models
Training Program in Dr. Isaiah Fidler’s laboratory in Houston, TX participant. .

4. Acquired knowledge novel migration and invasion assays. Recombinant 45kDa fragment
of laminin alpha5 chain was made and purified.

5. Biochemical assays of EGFR phosphorylation were performed using phospho-specific

antibodies.
a. EGFR was phosphorylated in when treated with or grown on purified, cleaved
laminin-10

b. EGFR was phosphorylateed after treatment with purified 45KD recombinant
laminin alpha5 chain fragment.

Reportable Outcomes

Bair EL, Bowden, GT, Nagle, RB “Cleaved Laminin-a5B1yl Fragment Activates EGFR in
Prostate Cancer Cells” An AACR Special Conference in Cancer Research “Cancer,
Proteases, and the Tumor Microenvironment” November 30-December 4, 2005, Bonita
Springs, Florida.

Conclusions
e LM-511 cleaved with MT1-MMP contains potentially bio-active fragments.
e Cleaved LM-511 fragments activate the EGFR at Tyr 1068.
e Recombinant 45 kDa LM-a5 chain demonstrates activity in activating the EGFR.
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